To evaluate enteropathogens and other factors associated with severe disease in children with diarrhea, 381 children !5 years of age with diarrhea and moderate to severe dehydration (in-patients) and 381 age-, sex-, and date-of-visit-matched children with mild diarrhea (outpatients) presenting to a hospital in Peru, were studied. Rotavirus was detected in 52% of the in-patients and 35% of the out-patients (odds ratio , 95% confidence interval [95% [OR] ϭ 2.3 ); 95% of the rotaviruses among in-patients were of serotypes G1-G4. The risk CI] ϭ 1.6-3.2 of severe diarrhea was particularly great in children who were not exclusively breast-fed in early infancy and who also lacked piped water in their homes (for children with both characteristics , 95% ). The high prevalence of rotavirus and its association OR ϭ 6.8 CI ϭ 3.6-12.8 with severe diarrhea underscores the need for rotavirus vaccines. Interventions to educate mothers and improve access to safe water should augment the impact of rotavirus vaccines in preventing severe diarrhea.
with severe diarrhea will not only allow the optimum use of available interventions but will also direct efforts aimed at developing specific therapies. Therefore, we conducted a 2-year study to evaluate the etiology of illness in children !5 years of age who sought treatment for acute, watery diarrhea at a hospital in Lima, Peru. Furthermore, we examined behavioral, environmental, and physiologic characteristics associated with severe diarrhea in order to identify measures to augment the benefits from interventions targeted at specific pathogens.
Methods
Study design. The study was conducted at the Instituto Nacional de Salud del Nino, a hospital serving children from a poor section of urban Lima. From 15 February 1995 through 14 February 1997, all children !5 years of age who sought medical attention for watery diarrhea (у3 liquid or semi-liquid stools in a 24-h period) at the hospital were evaluated for inclusion in the study. At enrollment, a pediatrician or nurse measured the child's weight (in kilograms) and height (in centimeters) and assessed the degree of dehydration by using World Health Organization criteria based on clinical signs and symptoms [16, 17] . A child with no clear signs of dehydration was assessed as having mild illness and was treated on an out-patient basis. Severe disease requiring inpatient care was diagnosed when the child had at least two of the following three clinical features of dehydration: poor skin turgor, increased thirst, and altered sensorium as manifested by irritability, stupor, or coma. All children requiring in-patient care were recruited into the study, and for each such child, we sought a second child with mild illness (out-patient) who was matched for age ‫3ע(‬ months), sex, and date of hospital visit ‫3ע(‬ months). A pediatrician interviewed the mother or caretaker accompanying the children, completed a standardized questionnaire, examined the children, and instituted rehydration therapy as needed.
Laboratory detection of enteropathogens. Fecal specimens obtained from the children at the time of admission were examined for the presence of viral, bacterial, and parasitic enteropathogens. Stools were examined, by use of specific EIAs, for rotavirus, astrovirus, and adenovirus [18] [19] [20] . Two stool swab samples (1 obtained directly from the patient and the other from a fecal specimen) were inoculated on Cary-Blair media and transported to the laboratory of the Naval Medical Research Institute Detachment in Lima to be tested for Escherichia coli, Campylobacter jejuni, Shigella species, and Vibrio cholerae by standard methods [21] . E. coli isolates that fermented lactose (Lac ϩ E. coli) were tested for enterotoxin plasmids via colony hybridization assays. The diagnosis of enterotoxigenic E. coli (ETEC) was based upon positive hybridization reactions with one or more enterotoxin probes (LT, ST1a, or ST1b). Fresh and concentrated (by the formalin-ether technique) fecal specimens were examined by light microscopy for parasitic ova and cysts and by the modified acid-fast Ziehl-Neelsen method for Cryptosporidium parvum and Cyclospora cayetanensis [22, 23] .
Characterization of rotavirus strains. A representative sample of rotavirus-positive stools from the in-patients were serotyped by a monoclonal-based EIA that used specific neutralizing monoclonal antibodies against the viral protein (VP7) of rotavirus serotypes 1, 2, 3, and 4 [24, 25] . A rotavirus-positive specimen was considered to be nontypeable when it was positive as determined by use of the detection EIA but did not give a response in the serotyping EIA. A hemi-nested reverse transcriptase-polymerase chain reaction was used to characterize the G genotype of rotaviruses that were nontypeable by the EIA [26] .
Assessment of risk factors. A goal of this study was to identify factors other than specific enteropathogens, including nutritional status, feeding practices during the first 6 months of life, and income level, that might predispose a child to severe versus mild illness. For nutritional status, we used reference values from the US National Center for Health Statistics to calculate height-forage Z scores and classified children as "stunted" (defined as 2 SDs below the expected height-for-age Z score) and "not stunted" [27] . For feeding practice, we classified children into those who were "exclusively breast-fed" (i.e., no other solid or liquid food except for breast milk) in the first 6 months of life and "not exclusively breast-fed." For income, we defined "low family income" as a monthly salary of !390 soles (equivalent to US $144 at the time of study), which was the median per capita monthly income for families of the out-patients.
To assess the association between exposure variables and severe disease, we calculated maximum likelihood estimates of matched odds ratios (ORs) with 95% confidence intervals (CIs) [28] . To adjust the ORs for the effects of potential confounders and to identify possible interactions between the predictor variables, we performed conditional logistic regression by use of the hierarchical backward elimination method [29] . This regression procedure is based on the multiplicative model, which implies that ORs for each exposure present can be multiplied to provide an overall estimate of risk when no interaction is present [28, 30] . The significance of interaction terms in the regression models was evaluated with a likelihood-ratio test. All statistical tests were interpreted in a twotailed fashion.
Results

Comparability of in-patients and out-patients.
During the 2-year study period, we recruited 381 in-patients with diarrhea and moderate to severe dehydration and 381 matched out-patients with mild diarrhea. Because of the matched selection procedure, in-patients were nearly identical to out-patients with respect to sex, age (mean age: 12.4 months for in-patients, 12.8 months for out-patients), and month of hospital visit (table 1) . As per the criterion used for defining the 2 groups, in-patients were more likely than out-patients to be irritable, have increased thirst, and exhibit poor skin turgor.
Prevalence of enteropathogens among in-patients. At least 1 enteropathogen was detected in 77% of the 381 in-patients ( ) (table 2) . Enteric viruses were the most frequently n ϭ 292 identified pathogens, affecting 60% of the patients ( ), n ϭ 230 followed by bacteria (34%) and parasites (5%). Rotavirus was the most commonly detected individual etiologic agent, accounting for 52% of the diarrheas ( ), followed by ETEC n ϭ 199 (16%), and C. jejuni (12%). Most patients with rotavirus diarrhea (191/199 [96%]) were !2 years of age (median, 11 months); the detection rates of this pathogen were greatest among children 6-11 and 12-23 months of age, in whom this pathogen accounted for 56% and 59% of all diarrheas, respectively. In contrast, bacteria and parasites were detected more often among patients у2 years of age, with the exception of C. jejuni, which was more common in infants than among older patients (32/199 A representative sample of 48% of the 200 rotavirus-positive stools ( ) were characterized to determine the common n ϭ 95 circulating G serotypes and genotypes of rotavirus. Of these, 68% ( ) were type G1, 21% ( ) were type G2, 3% n ϭ 65 n ϭ 21 ( ) were type G4, 1% ( ) was type G3, and 5% ( n ϭ 3 n ϭ 1 n ϭ ) were nontypeable. 5
Comparison of pathogens and other characteristics among inpatients and out-patients. Compared with out-patients, inpatients were significantly more likely to be infected with at least 1 enteropathogen, multiple pathogens, and rotavirus (table  3) . In-patients were also significantly more likely than out-patients to be not exclusively breast-fed in early infancy and lacking a source of piped water in the home. There were no significant differences among in-patients and out-patients with regard to stunting and family income level, although data on income were available for only 128 matched pairs.
In multivariate analysis, infection with rotavirus remained associated with severe diarrhea ( , 95% ). OR ϭ 2.3 CI ϭ 1.6-3.2 The strength of the association between severe diarrhea and being not exclusively breast-fed in infancy was significantly greater ( ) in children who lacked a source of piped P ϭ 0.04 water in the home ( , 95% ) than in those OR ϭ 4.7 CI ϭ 2.5-9.1 who had a source of piped water ( , 95% OR ϭ 2.1 CI ϭ 1.4-). Compared with children who were exclusively breast-fed 3.1 and who had a source of piped water in the home, those who were not exclusively breast-fed and who also lacked a source of piped water in their home were at a nearly sevenfold greater risk of severe diarrhea ( , 95% ). OR ϭ 6.8 CI ϭ 3.6-12.8
Discussion
In this study, we used state-of-the-art microbiologic assays to perform one of the most comprehensive etiologic assessments to date of children with diarrhea requiring medical attention. To our knowledge, this is also the first systematic study of the role of various pathogens in the etiology of severe childhood diarrhea in a Latin American country. Our findings highlight the importance of rotavirus as a cause of severe diarrhea in Peruvian children. This pathogen was detected in 52% of the in-patients, a rate greater than that reported in most previous hospital-based studies in Peru and other developing countries [31] [32] [33] [34] [35] [36] . Furthermore, despite the extensive etiologic testing, rotavirus was associated with another coinfecting pathogen in only one-third of in-patients. In contrast, a second pathogen was identified in more than three-fourths of in-patients infected with the 2 most common bacterial pathogens, ETEC and C. jejuni. Finally, rotavirus was the only pathogen that was significantly more prevalent among in-patients than out-patients.
Previous studies of the association between rotavirus and severe diarrhea have reported conflicting results. In a community-based study in rural Bangladesh [37] , 44% of patients with rotavirus diarrhea developed dehydration, a proportion significantly greater than that among those with diarrhea of other causes. Similarly, 23% of 26 episodes of rotavirus diarrhea among children in rural Guatemala were associated with dehydration, and 1 child required hospitalization for severe disease [38] . On the other hand, a recent analysis of hospital surveillance data from Bangladesh found that children infected with rotavirus had less severe dehydration than those infected with other enteropathogens [39] . In addition, rotavirus was not associated with severe dehydration in several case-control studies with a design similar to that of ours [8, 11, 12] and was negatively associated with fatal outcome in an evaluation of risk factors for death among children attending a diarrhea treatment center [5] .
Our data convincingly demonstrate that rotavirus is highly prevalent and is associated with severe disease in Peruvian children with diarrhea, underscoring the need for specific interventions, such as vaccines against this pathogen. Our findings raise four important issues that are relevant in considering strat- egies for vaccination against rotavirus in Peru. First, while cases of rotavirus diarrhea were seen in the first 6 months of life, they constituted !10% of all in-patients with this disease. Therefore, if rotavirus vaccines were administered along with the routine Expanded Program on Immunization schedule of childhood immunizations to children 6, 10, and 14 weeks of age, they would protect all but a small fraction of children from severe rotavirus diarrhea. Second, if immunization was delayed beyond 1 year of age, the impact of the vaccine would diminish since 50% of in-patients with rotavirus were !12 months of age. Third, the licensed tetravalent reassortant rotavirus vaccine, which includes rotaviruses of serotype G1-G4 specificity, should provide adequate coverage against the predominant circulating strains of rotavirus in this setting. Fourth, the observation that one-third of in-patients with rotavirus diarrhea had a mixed infection suggests that rotavirus vaccines may work less well in Peru than in developed countries where mixed infections are less common. An astrovirus was first described in a child with diarrhea in 1975 [40] . Until recently, the epidemiology of astrovirus diarrhea was not well understood because the only available detection method, electron microscopy, was relatively insensitive and only available in a few centers. With the development of molecular assays, astrovirus has been recognized as a common cause of diarrhea in children [41] . However, limited data is available on the role of astroviruses in the etiology of severe dehydrating diarrhea. In our study, astroviruses were detected in 4% of in-patients but were equally prevalent in out-patients. This observation indicates that while astroviruses can cause severe diarrhea, disease caused by this pathogen is not of aboveaverage severity.
Children who were not exclusively breast-fed in the first 6 months of life were at an increased risk of severe diarrhea. This protective effect was observed even beyond infancy, the age by which weaning would have been initiated for most children. It is possible that children who were exclusively breast-fed in early infancy might have been partially breast-fed until an older age than those who were not exclusively breast-fed, and the lower risk of severe diarrhea in the former group might be due to the antiinfective properties of breast milk [42, 43] . It can also be hypothesized that mothers of children who were exclusively breast-fed might be better educated in appropriate child-rearing practices and may take greater precautions to prevent a diarrheal illness and its severe consequences. This hypothesis is supported by the observation that lack of exclusive breast-feeding and lack of a source of piped water in the home had a synergistic effect with regard to the risk of severe diarrhea.
Several potential limitations should be considered in interpretation of the findings of this study. While we controlled for several potential confounders by matching and by performing Downloaded from https://academic.oup.com/jid/article-abstract/179/5/1139/802342 by guest on 21 January 2019 multivariate analysis, it is possible that unmeasured factors that may predispose children to severe diarrhea and that may be unequally distributed in the study groups may have affected the association between severe diarrhea and diet, nutritional status, and availability of a water supply. Bias may have been introduced from misclassification of either disease or exposure. To avoid misclassification of the status of hydration and malnutrition, each child was examined by a trained pediatrician or nurse, who used prespecified objective criteria to assess these characteristics. To avoid bias in the reporting of results, the laboratory personnel who tested stools for enteropathogens were blinded to the child's disease status.
In conclusion, we have documented that for a 2-year period at a hospital in Lima, rotavirus was the most common pathogen detected among children with severe diarrhea. Fifty-two percent of children admitted with severe diarrhea were infected with rotavirus, and this pathogen was significantly more prevalent among in-patients than out-patients. In addition, we found that lack of exclusive breast-feeding in early infancy and lack of a source of piped water in the home had a synergistic effect on the risk of severe disease in children with diarrhea. Our findings not only underscore the need for the introduction of rotavirus vaccines in Peru, but indicate that interventions to educate mothers and improve access to safe water should augment the protective effect of vaccines in reducing the incidence of severe childhood diarrhea.
